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1. Ttl e a n alys e s of w ate r sho rtage
T he fals epr es umptio n that C hina has ple ntyof w ate rres o urc es m ay o c c u rdu eto 塊 e
s u m m e rf一ooding of m any r eg10 n Sin 1996, and th is c anonlybe e xplained cle arly asthe
[
●
e s ult of highte mpo raland sp?tial v a riation ofpr e cipitation . The ann ualaver age w &tc r
l
･
e S O u r Ce Of C h inais abo ut28124xlO8 m3
,
btJt the am o untper capila is only2400m
l
､
r ankingin thelO 9thpo sitio n among149co untries a cco rdingto statisticaldataof U hited
N atio n
l
. Thu s
,
C hin a, a s a whole, has to fa c e t n av oidably wi th the w ater shortage
pr oble m, e spe cially in s o m e al
.
e aS and/orin a c ertainpe riod. h c a se ofcity, m o re than
300citie s am o ngtotal 600citiesha v e e xperien ce the w ate r sho rtage･ Co ns eqlユently, ho w
to defin e w ate r shortage, ide ntifythe ar e awi ths uch pr oble m and assess its pos sib一e
impa cts o n e nviron m erlt is be c o mg a mo re a nd m o re inter esting subje ct am or)i
s cie ntists andr ele v antorganiz atio n s.
Generally, w atershortage m aybe view ed asthe o c c u rr enc of de丑citinte r ms of w ater
supply and w ate rde m a nd. Ev e ntho ughthe w ater re sou rc esfor supply m ayin thelor喝
ter mbe stable a nd s u stainable with regardto w ater cir culatio n, w ate rqu antity a v ailable
far h um an c o n s umptio ndo es de clin edu eto the deterio ratio n of w ater quality. On the
other h and
,
C hin e s e e c o no myhas gro wn abo utlO %a m tlalyin r e c e ntye a rs, and the
population has n otyet re a chitspe ak and about1500Ⅹ10
4
newly-bor nbabie s eachye ar
lO lnin ou rfa mily, both of the s etw ofacto rs r equ lre m o r e Wate rde m and. He nc e, th亡
situation of w a:ter shortagetendstobe c ome m o re and m ore serio u s, which wi1lre mainill
thefor ese e able futu r e.
W ater sho rtage c an alsobe e valu atedby e n e rgyin de x :Rn.P, where R is n etr adiatio n, l.
is late nt be a:t and P is pre cipitation. This index is a ctu ally the ra:tio of pote ntial
ev apor atio nEtopre cIPitatio n, and RjL isthe maxim u mpote ntiale v apo ratio n. h o rderto
s ubdue the effe cts ofge o m o rphology, soila nd et･ o nr un off,the a mo untof ru n off Rs ma)
,
bedisco unted 丘o m pr e cipitatio nto obtain soilm oistu r einflu xS M I
-P- Rs
,
andn e win de x
Nic an be defined a sR/[L(P- Rs)]F=R/[L
*SMq≠E/S M I, which c a nthen be us edtolo c ale
the w ate r shortage ar ea(Liu and Du, 1985)･ lf N iofagiven ar eais'
.
m oretha n1
,
this a re a
m ay pote ntiallyhave the pr oble m of 如a:ter sho rtage. T hisinde xIS r atherimpo rtantin
agric ultu re andregio naliz ation.
Anotherinde x Cv, v ariation co efBcie nt ofa nn ualr unofFcan be u sedto a sses sthe w ater
shortage, ev e nthoughinanin dire ct w ay. Thelo w e rthe value of Cv, thelessflu ctu ation
ofr 皿0ff, a nd n o r m allythe m o r e ru n offandpr e cipitation･ In ca･se of riv erdis charge, Cvis
about0.12-0.15 fo rC han由1 a ng riv e r, 0･45 fo rYello w riv er, 0･5510･65 fo rliu aihe riv ぐ-
I
a nd 0.60-0.75 fo r H ai he riv e r. Cv for plains, ba sins a=ld huge de se rt in n o rth- w e steI
.
ll
C h inais u sually m o rethan 0.8. One m aydefe nd that Cv is responding n ot o nlyto tll e
I
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t
.
L mOfFitself
,
but als oto the shape, size and othe rfa ctors ofthe catchm e nt, butthelluと･.t
･
dif6eren cein a n n uala v e ragedischa rge do e s sho w the c o n ctu r e nc e with Cv･ T he a n n t ”1
a v er age dis charge ofC hangjl ang riveris 98 00Ⅹ10
8
m
3
, 560Ⅹ 10
8
m
3 fo rYellow riv er.
530Ⅹ10
g
m
3 fo rHuaihe riv era nd only 283Ⅹ10
8
m
3 fo r Hai1uanl1e riv e r(Zu o and X”,
1 985).
On e ap parent cha ra cteristic of w ate r r e s o u r c esin C hin aisits un e v e ndistributio nintin -L
･
･
thu s r esulting ln SeaSO nal w ate r shortage･ h the ea stern pa rt of C hin a, m o st ofrainfa‖
pr e cipitate sin the su m m e r, with littein the winterdueto mo ns oo n clim ate･ Thehighe)
.
thelatitude
,
the mor ethepe rc e ntage ofs u m mer rainfallto thetotalye arlyr ainfall. He ncじ.
Lll e m ain cr op, whe at, has to fa c ewith serio u s w ate r sho rtagein the sprlng, Whe nthL
･
r ainfalla c c o unts forles sthan 15 %ofye a rly rainfallin Hu ang- Hu ai- Hal Plain, but whe川
c o n s um e s nor m ally m o retha n80 %(血) m r eviving, headingto ripping)of total w at=
tl e eded(C he n, 1996). Coincided withthe dry and hot windpr e vailingin thePlainat th
-
I ト
tim e, the pote ntial e v apo ration 丘oJn M archto Ju ne c ouldbe higha s3 00-400n l m, WhicLl
is abo ut3-4 tim es that ofthe precipitatio n of the sam eperiod. Totaldays, whe nthe
Yello w riv er ru n s out of w ate r
,
ha s inc r ea sed inre ce ntye ars a nd c aus ed m any e c(･
e nvir o n m e ntalproble m sin thelo w re a ch･
Theis s u e ofglobal clim ate cha nge ha sbe co me a c o mm o ntopic in the w o rld and be e n
clo sely r elatedto w ater r e so u r ce s･ On e of c o n clu sio n s of the pr oje ct unde rtake n by YLL
Duzhe ng
2
is thatthete mperatu rein N orthC hin ain theye ar of 2030, c o mpared with thc
currentsituatio n, is e xpectedto raise at abo ut1.0-1.5
o
Cinthe winte r and 0.5-0.8
o
C i‖
the su m m e r, a nd the pr e cipitatio n willre m ain m ore o rle ss the s a m ein the winterbLLt
inc re ase l12% in the s u m m e r. The dis chargein main riv ers of No rth China, s uch asHaihc
l
･iver and Lu anhe riv er wi ll de cr e as e3-6 % du eto the miⅩed effe ct ofte mpera:tu r ea r)d
rainfall, and the r u n ofFto M iyu nRe se rvoirde cline214 Ⅹ10
8
m
3
･
■
1
ー
berefo re, the w ater sho rtageproble m rise sasth占c o nsequ e n c e ofn otonly n atu ral fa ctol,I
butals o s ocial and eco nomic a spects, and the re as o n scouldpo s siblybe s u m m ariz edilf･
Follo w s:
･ u n e ven distri butio n ofraillfall intim e andspac e
･ the e xp an sion ofpopulation and swi ftgr o w也 ofec o n o my
･ thepouutio n ofw ater re s ou rces
･ lo wlevelofw ater re-tl Se r ate a ndpo o r w ater r e s o u rc e m an age ment
andpossibly
･ the cons equen ce ofglobalgree n-ho us e effect andcllmate change
2. T heimpa cts of w ate r sho rtage o n e nvir o n m e nt
As a res ult ofnatu ral, socialand e con o micfactor s, the water sho rtage hasfe edba ckto '1l[
abov efactors a nd it c ould be 8 n impo rtant ele m e nt that c o n strain s the sustainablしT
de v elopm erlt Of econ o my and ec o- environ me ntal syste m . Be c au s eof th is c o mple x
feedba ck
,
it is n ot easy to a sse s sthe impa cts of w ater shortage o n e nvir o n m e r)I.
Non etheless, the impa cts co uld ba sicaly be divi ded into tw o c ategories:dir ect a nLl
illdire ct, e ven thoughthebo u nda rylllay no tbe cle arlyde血 ed.
ヱ.1 Dire ctimpacts
2
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Se rv 1ng aS
l
o n e c o nsiderable co mpon e nt of entire e co - e nviron m9ntal syste m, W atu-
re so u rcesplay a veryI mpo rtantrOle inke eplngthe whole syste m sustain able. The w ater
sho rtage, s uch a sthed lminishing ofw ate rbody, doe sde clinethe e ∬vir o nm entalqualily
and dis able the cre atu r e
,
whichpreviou slylives on it, to su rvive anylo nger. Tak ing
Tarim riv er a s an ex ample, the exten sive
L
re clam alion of免r血a nd inuppe r stream a ndthe
w ate rdiv er sion totheirrigated ar e a radically redu c ethe w ate rto thelo w stre a m, r e s ulting
il-the dis appea r anc e of Lop Nu r. Thelow r e a ch aRer Tikan1ik w as out of w ater aRcl.
I970, andthu sitslength w as sho rten abo ut200 kn. The envir on m e ntal lmpacts ofw ate r
sho rtagein th is c as e c a nbejudged asfo llo ws: (I)T he extended dying of fo r e stalongtll JL
riv erba nk
,
and the r edu ced capabilityagainst strorlg wind. (2)Thedegradation off ar)ALL
La nd･ (3)T he in c re asing pote ntial in dis a ster oftll e gu st Of wind a nd s and, a lldtllL･
e nlarge m entin de s ert･(4)The aba ndo n ment of fa rmland, a nd e ven ha vingdifncultyf()】
･
Lo c alpe oplein a c c e ssto drinl(ing w ater(C hen, 1993).
[fthe w ater sho rtagetakespla c ein the c o astalar e aof Ea stChin a, where the e c o nomyha s
gr o wnquicklyin r ece ntyears and 皿 O r e and m o r e wate r s upplyis ne eded, gr o u nd w at=
･
will hav e risked of depletio n and o n es e riou s e nviro n m entalpr oble m wi llarise:seil
w ate rintru sion ･ The s urv ey in Laizhou cityof Shando ngPr o vince hasindic atedthat thL･
a r e awithgr ound w aterle v el lo w e rthan sealev el ha sin crea s e sB･o m 14.3 kn
2 in 19791o
262･05km 2 in 1989(Fig.1), witha verage spre ad spe ed of abo ut25km2/ye a,and the
lo w e stgro und w aterlev el of-16･74m ･ A m o ngthe a re aof 262･05km
2
in 198
,
the re arc
abo ut2 12･44 km 2
,
in whichthe conte nt of C rofground w ateris mo rethan 3 00mg/L
a nd n ot s uitablefo rirrigatio n(Yin, 1992). M o st of the s elandshav eto be r elinquishe (1
witho 山irrlga土io n.
rn orde rto cope with w ate r sho rtage proble m, m any cities, espe cially inNo rthChin ;I.
ha v e r e s o rt to gr o undw ate r, w hich unfortu n ately n e eds m u ch m ore tim ethan stvfa cL
･
w ate rin thepro c ess of circ ulatiorland c a n n ot･be e a sily rec overed ifthe aquife rsuffer､
一ong ex c e s sive e xploitatio n. Ifthe aquife r c o uldn otbe r e charged aJld werele氏deplete(1.
the pr oble m ofland s ubside n c e w o uld in e vitablyc oln euP, S u ch a sthe c a sein Tia njitl
city･ The s urv ey in K ai fe ng cityha s sho w ed that the are a of depr e ssio n( witll
gro undw aterdepth m o r ethan 10m) andthedepthofgrou ndw aterinthe c eⅡte r of ith(1 ド
1
･
e a Ched 31･4 kn
2
and 18･9 m in 1989, while only 2･2 kn
2
and 121 m r espe ctiv ely ln
1976
3
･ T he are a andgrade oflandsubside nc eha s clo selyrelatedto the a re a anddepth”(
groundw aterdepre ssion .
The less w aterin the chann el, thele sspo we rintr an sporting sedim e nt, and the lT10 r C
s edim e nt yield in the river bed. T he r eh tion offlow velo city(v) and the w eight or
tra nsportedsedim ent(W)c o uld be e xpr e ss ed,byEley
'
sla w: W - Av
6
,
w hich m ea n sthatil
little cha ngein the v elo city wi ll bring abo utla rge am o u nt of variation in tra n spo rted
s edim e nt. h thelo w re ach ofYellow riv er
,
itis e stim atedthat40m
3
of w ate ris neededlo
tr an spo rt1to n of s edim entduringflooding seas o n, while 1 00m
3
of wate rne eded1(-
tr anspo rt the s a m e amou r)t of sedim ent during noI トflooding s e aso n(Ye, 1994L
Contin uo u saddit o l10fyieldto Yellow riv e rbed has c a u sed m anytro uble s, the mo トt
s erio u so ne could be the po s sible dis a str ou sbreakingupof the bank du etohighaltitu (lcL
of theriv erbed in c a s eof big且o oding.
Shulongc ang, Utilizatio n of WaterReso urc es a nd EllVir onm e ntaleffTectsin KaifTe ng City
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Figur e1 T hede velopm e ntofarea withgrou ndw ate rle v el low erthan s e ale v el in
Laizhou city(re vis ed a鮎 r Y in,1992)
¶1e W aterShortagehasgre a土 efEects o nthe m as s and en e rgybalanc eofw ate r circulation･
Generally, ther e are five c o mpon e nts in the proc ess of cir c ulatio n, i.e. , atm o sphe ric
wate r(P), s u rfa ce w ater(R),pla nt w ater(Ⅴ), s oilw ate r(S), gro undw ater(G), andthere al
.
L
L
po ssible te n co mbin g:tio n s and inte rfa c es betw e en each tw o w ate rs(Liu, 1993)･
S P A C(soil-plant-atm ospheric contin u u m)initiatedbyJ･R･ Philip s a ctuallythe c oncepl
i.n dealing with the co mb inatioI1 0f P,
V a nd S･ T he w ater shortage ha simpa cts on a一l
the se c o mpo nents and the r elatedhydrologicalpr o c e ss,in which:Pre cipitatio n
≡ Ru n off
＋Ev apotranspiration ･
The r eductio n of precipitatio n n o r maly m eans the redu ctio n in ru n off and a ctu呈Il
e vapotr a n spir a土ion, tho ughpote ntiale v apotran spir atio n m ay Incr e ase, W hich wi llin tu r n
effe ctpre cipi‡atio n and c a u s el ss a nd les sminfall･ Ev e ntho ughthis m ay not e xplain the
fo rm atio n of de s ert, it do e sir)dic a:te the hydr ologlCalproc es s tak ing plac ethe n:I
T her efo r e, w ate r shortageitselfm ay c a u s etheieduction of w ater r e s o u r c e s, n o m attぐ-･
ho w this se em stobept u zling, andprobablythis co uldbe the m ostinte r estingimpa cts くI
sho rtage o ne n viro n ment. W ater sho rtage is n orl-taly the r e s ult of m any fa cto rsn.i
lnerltio nedin thefo rm e r s e ctio n, and itsimpa cts o nthe m as s and e n e rgybala n c e ofw atcr
cir c uh tio nand otheren vir on m erlta elem ents are very c o mple x･ The& am e w o rk ofFig･2
is the simpli鮎atiorlOfthe s e c o mplic ated relatio n s･
Precipitatio n
A
Ru n off
B W ater
dem an
Ev apotra nsplr ation
IfB LU e atertha nA,the n
｡ Air and w aterbodyte mperatu rL
L
･ Waterquality
･ Seditn e ntyield
･ Land degr a血 io n
＋ Lands ubsiden ceinurb an ar ea
● Sea w aterintru sio n
● Cre abre
● W ater circulatio n and balan ce
I The du stc o nteI止inthe air
｡ En ergybalan c e
Figu r e2 T he c o nte xt of w atershortage and its enviro nm entalimpa cts
ヱ
.
2b dir e ctimpa cts
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Many m e a s u re sha v ebeen take nbyh um anbeingsto cope with w ater sho rtage pr obler)1.
su ch a sbuildingthe r es e rv oir and dam,tr an sferring w aterB
･
o m o ne ar eato an other. The
n umber of res erv oir built in China up to 19S9 is 82 848, which acco m m odatedtota[
volum e of 4617 3 1Ⅹ1 0
8
n
3
.
*4 T he east ro ute ofw ate rtr an sferpr ojectis s uppo s edto
div ert1000m3/se c丘o m southto n orth･ Allthe se effo rts ha ve definitelyinflu e n c ed dlC
e co - e n vir o n m e ntalsyste m･ T hishaso nce be e n and wi llc ontinu etobe adisputableisst】e
s u ch asthe c a s efo rthe Thr e eGo rge sProject.
Another m e a s u r ethat pe ople ar etaking a nd will hav e effe cts o n e nvir o nm e ntis the
ctlhan c e ment of w ate r man age ln e nt, W hich ha sbe e npr a ctic ed inm any citie s ofChiTl'1.
W ate r re u s e r ateisquite highinso m e citie s, s u ch as Tsingda o and Dalian . ThepreserltOI
w ater shortage m ay re min dw ater u s e rs of itspre ciotLS V alu e and m odi5, their w aysin
u sing w ater. En viron mentalqu ality wi llsu r elybe nefitfrom allofthe s epra ctic es
M o st of w a ste wa:te rfro m fa cto rieshasbeen discharged into the riv e rwi tho ut o r with
simple physic altr e atm er=tdu eto ins ufEicie nt 血1nd and/or other reaso ns. Then, the less
w ater u s ed m ay m e an theles spolluted w ate rto the riv er, andthis als o m aydo go od t=
en v lrO n ln e nt.
One m e a s ure c alled rain w ater c atclme nt system , i.e. to collect rainw ater &ont
imper m e ablepa v em ents u cha shouse roof and stre et,hasplayedquiteimpo rta ntr olein
the arid andsemi- aridare a of C hina
,
whe re ann uala v e rage rainfauis abo ut400m m . 011 e
progr am n a med
"121” ha sbe en c arried o utin Gan s uPr ovin c e, inwhich ev eryfa mi ly
develops 1 m u (o ne-fi鮎 enthhe c.)ofimpe rm eable area and c ole cts rah w ater w aterill
tw o undergr o und cellstoirrigate1 m u ofcropfielda nd supplydo m estic wate r use. 011C
nl ay argu ethat this m e a s u r ewi ll ha v egr e at effects o nru n offof the c atc lmeJIt and the
other e n viron m eT=tal a spects, and m ay n ot be s uitable for exten siv e> u se. Acttl ally.
じO n Sideringthe size of impe r)Tle able area to the whole catc lmerlt,this m e ast ue m ayha vL
･
o nly min o r effe cts o nthe c o n c em edaspects.
Be ca us ethere are s o m any m eas uresto redu c e w ate r sho rtage and itsimpa cts asto sc ‖
water desalinatio n, r ain wa:ter catche m e nt syste m and e v enthe propo salofdrawintL
icebe rgto c o a stalcitie sthatitishardtode名n efu 11ytheindire ctimpacts ofw atershortagじ
o n e nviro nm ent･ Everylne aSur e mayhaveits ownimpa cts.
31 Policiesto w ater sl1 0 rtage a nd its envir o n m e ntalimpa cts
The w ater shortage m ay break the m a s s a nd energybalan ce of the e ntir e e co -
e n vir o n m e ntalsyste m, a nd a n e wbalan ce ne edsto be r e co n stru cted. T he policie s m adLL
helpto e n s u r ethis r e c o n stru ction dole ssha rm tothe e nvir o n m e r[t a ndhtm anbeings a nd
people m ake the m axim u mpr ofit 舟o m s u stainable developm ent ofs o ciety, e c ono my .
ll atu ralre s ourc es and e n viro llm e nt.
'
rherefor e, thepolicie s m u st co n ce ltr ate O nthe s ustainablede velopm e ntoflimited w ate)
I
1
.
eS Ou r C eS and the prote ctio n of vu1ne rable e nviro n m e nt. Basically, ther e a retw o
ilpPrO a Che sin de aling wi thw ater shortage and its en viro n m erlta impacts:to ha v en e＼v
ヾo ur c e sfo r w ater s upplyandto impr o ve w ate r m an age ment, and the utter sho uld havL
.
thepr10 rltytO the for m e ron e. The policie sreleva nt tothe･impacts of w ater shortage o ”
en viro n me nt
,
eitherdire ct o rindir e ct, a repr opo s ed asfollowi ng:
*4 yearlybo ok ofw ater c o nserv atio n of Chin a,1990
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･ To edu c ate h um anhabita nts o nthe ea rthto be awa re oftheimportan c e ofsu stainab k
develop m e nt ofw ate l
･
re SO u r C e S and related e nviron m e ntal issu es
･ To e n c o u r agethe u se ofte clmologyto s a v e w aterin both indu stryand agric ultu re･
･ To take strict m easur e s, s ll Ch asin c r e a singtheprlCe, tO C O ntr Olthe w a ste ofw ate r
I To set uplaw s to e n s u rethe r atio nal distri bution ofw ater r esou rce s
･ Tobuildrain wate r c atchm e ntsyste min the aridand/o rs emi- aridregion
･ To con str ainthe e xp an sio n ofpopuhtion and indu stryin the a re a ofpoor w ate r
r e S O u rCeS
･ To m ake u s e ofinsu ran cepolicyto r edu cethehar mdu eto w ater shortage
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